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Abstract
Differential cross sections for η photoproduction off protons have been measured at Eγ = 1.6 –
2.4 GeV in the backward direction. A bump structure has been observed above 2.0 GeV in the
total energy. No such bump is observed in η′, ω and pi0 photoproductions. It is inferred that this
unique structure in η photoproduction is due to a baryon resonance with a large ss¯ component
which is strongly coupled to the ηN channel.
PACS numbers: 13.60.Le, 14.20.Gk
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The constituent quark model has been very successful in describing the ground state of
the flavor SU(3) octet and decuplet baryons. Many baryon resonances predicted by the
constituent quark model have been discovered and are well established [1, 2, 3]. There are
two well-known problems for the 3-quark model of baryons. One is the mass-order-reverse
problem for the lowest excited state [4]. According to the constituent quark model, the
negative-parity state with the orbital angular momentum, L = 1, should be the lowest
except for proton and neutron. However, the lowest has been experimentally found as
S11(1535), which is heavier than P11(1440), and Λ(1405) with a s-quark. This mass-order-
reverse problem may be solved by taking into account the extra quark and anti-quark pair.
A large admixture of ss¯ for S11(1535), uu¯ for P11(1440) and dd¯ for Λ(1405) was proposed
to explain the mass order of these resonances [4]. As a natural consequence of a large ss¯
admixture in S11(1535), we expect a strong coupling to ηN because η meson is the lightest
meson with a ss¯ component.
The other problem is concerned with so-called “missing baryon resonances”. Many res-
onances around 2 GeV are predicted in the constituent quark model. However, a large
number of them are not identified experimentally. Information on baryon resonances mainly
comes from the pion induced productions. A part of missing resonances may couple to other
mesons such as ηN , ωN , KΛ, etc, and could escape from search [3]. Study of η photopro-
duction has the advantage of looking for specific resonances with a large ss¯ component and
an isospin of 1
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by means of decay into the ηN.
Recently, η photoproduction has been studied by the CB-ELSA and CLAS collaborations.
An enhancement of differential cross sections was observed around W = 1.85 GeV in the
total energy, and was claimed to be due to the third S11 resonance by CLAS [5]. On the
other hand, CB-ELSA found evidence of a new resonance D15(2070), but did not observe
the third S11 resonance [6]. The BES collaboration found a peak around 2065 MeV in the
invariant mass spectrum of piN from J/ψ decay into N¯Npi [7]. The peak is suggested to be
due to the P11(2100) resonance, which is predicted to strongly couple to ηN by the Pitt-ANL
model [1, 8]. The piN system in this decay mode has an isospin 1
2
. All the experimental
results indicate that there are some unestablished resonances around 2 GeV. Therefore, it
is expected that the additional precise measurement of η photoproduction sheds light to
clarify the nature of these resonances.
In this letter, we report the differential cross sections of backward-angle η photoproduc-
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tions from protons in the energy range Eγ = 1.6− 2.4 GeV by detecting protons at forward
angles to identify η mesons in the missing-mass spectrum. At backward angles, no appre-
ciable contribution is expected from forward diffractive processes, and it is expected that
one can clearly observe resonances.
The experiment was carried out at the SPring-8/LEPS facility [9]. The laser-electron
photon beam was produced by backward-Compton scattering between Ar-ion laser photons
with a 351-nm wave length and electrons with the 8 GeV energy. The photon energy range
was from 1.6 GeV to 2.4 GeV. The energy resolution was 10 MeV in root-mean-square. A
liquid hydrogen target with a thickness of 16.5 cm was used. The data were accumulated
with 1.0×1012 photons at the target. Charged particles were detected by using the LEPS
magnetic spectrometer. The angular coverage of the spectrometer was about ±20◦ and ±10◦
in the horizontal and vertical directions, respectively. Charged particle events with more
than 98% of confidence level of a track fitting were used in this analysis. Mass identification
was made using the momentum, the path length, and the time-of-flight. The momentum
range of protons was 1.4 – 2.4 GeV/c in the present analysis. The momentum resolution
for 1.4 – 2.4 GeV/c protons was 0.7 – 0.9%. The proton mass resolution was 46 MeV/c2 at
2 GeV/c momentum. Proton events were selected in the reconstructed mass spectrum within
4σ of the nominal value [10]. Contaminations from pions and kaons were estimated to be less
than 0.1%. Reaction vertex points were reconstructed as the closest point between a track
and the beam axis, and were used to select events produced from the liquid hydrogen target.
Some contaminations came from the events produced in a charge-defining plastic scintillator
placed behind the target. The contamination rate was typically 1%, but increased up to 5%
at a scattering angle less than six degrees because of poorer vertex reconstruction resolution.
The spectrometer acceptance, including the efficiency for detectors and track reconstruction,
was obtained using a Monte Carlo simulation with the GEANT3 code [11]. The acceptance,
which depended on the photon energy and the scattering angle, was calculated. Detail
descriptions about the detectors and particle identification are given in Ref. [9, 10].
The data were divided into eight energy bins from 1.6 to 2.4 GeV, and 4 angular bins
from –1.0 to –0.6 in cosΘc.m., where Θc.m. is a scattering angle of mesons in the center of
mass system. The spectrum of missing mass square for the γp → pX reaction is shown in
Fig. 1. The peaks observed are due to pi0, η, ω, η′ and φ meson photoproductions. The
background under the η meson peak consists of non-resonant 2pi, 3pi, and ρ0 photoproduc-
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FIG. 1: (Color online). Spectrum of missing mass square for γp→ pX at Eγ = 2.3 – 2.4 GeV and
cosΘc.m. = –1.0 ∼ –0.9, where Θc.m. is a scattering angle of mesons. The peaks are due to pi
0, η,
ω, η′ and φ meson photoproductions. The red curve is the fitting results. The pink, blue, green
and light-blue curves are for 2pi, 3pi, 4pi and ρ0 photoproductions determined by a fit to the data,
respectively. The dashed curve is the distribution of the sum of them. The hatched histogram is
for η meson.
tions. The missing mass distributions for each photoproduction at different energies and at
different angular bins were generated in the Monte Carlo simulation by taking into account
the detector resolution of the present experiment. The experimental data were fitted by
summing all the generated missing-mass distributions of signal and background processes.
The contribution of each reaction channel were determined by the relative height of the dis-
tribution in order to minimize the fitting χ2. The reduced χ2 was 1.2 at minimum, and 2.3
at maximum. The contributions of each reaction channel in the fitting are shown in Fig. 1.
Finally, the yield of η was extracted from the fit. The energy dependence of cross sections
for the non-resonant multi-pion productions was estimated from the fitting, and assumed
to be smooth in determining the generated distributions. The distribution for 2pi produc-
tion, which is the main background for η photoproduction, gradually decreases toward high
energies.
Experimentally, the statistics of η photoproduction increased with the scattering angles
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of η meson and with energies since the spectrometer acceptance was larger at smaller angles
of protons, and the number of photons is larger at higher energies. The statistical error
is 4% at minimum at W = 2.20 – 2.24 GeV and at –1.0 < cosΘc.m. < –0.9, and is 13%
at maximum at W = 1.97 – 2.02 GeV and at –0.7 < cosΘc.m. < –0.6. Background events
from the charge-defining plastic scintillator behind the target make a broad missing mass
distribution due to the Fermi motion. The contamination rate was estimated to be 3% and
0.5% at –1.0 < cosΘc.m. < –0.9 and –0.9 < cosΘc.m. < –0.6, respectively, and was subtracted
from the yields.
The systematic uncertainty for the resolution estimated in Monte Carlo simulation is
obtained from the η peak fitting by using Gaussian function. The systematic uncertainty
is 4% at minimum, and 20% at maximum. The systematic uncertainty for the background
subtraction due to the uncertainty of the energy dependence was obtained to be 0.1 – 3.3%.
The systematic uncertainty for the target thickness, due to fluctuations of the temperature
and pressure of the liquid hydrogen, was estimated to be 1.0%. The systematic error of the
photon number normalization was 3.0%. The systematic uncertainty of the aerogel Cˇerenkov
counter (AC) due to accidental vetoes and δ-rays was measured to be lower than 1.6%. The
overall systematic uncertainties were calculated as the square root of the quadratic sum of
these systematic uncertainties, and were 3.6 – 20.1%.
Figure 2 shows the differential cross sections for η photoproduction. The differential
cross sections have been obtained for the first time in the angular range of −1 < cosΘc.m. <
−0.8. A wide bump structure has been observed above 2.0 GeV in the total energy, W .
The present results are consistent with the data from CLAS and CB-ELSA that indicate
the presence of a bump structure around W = 2.1 GeV.
The maximum cross section of the bump amounts to about 0.08 µb/sr on top of the
continuum background, which may come from the non-resonant process. The background
decreases with increasing energy (shown by the solid curves in Fig. 2). Therefore, the bump
is comparable to the background. In order to explain the presence of a large bump, a
contribution from resonances is required. The central position of the bump structure shifts
to higher energies at backward angles. The locations areW ∼ 2.06 GeV at –0.7 < cosΘc.m. <
–0.6, and W ∼ 2.17 GeV at –1.0 < cosΘc.m. < –0.9. This is possible because an interference
between resonances and diffractive processes may depend on the scattering angles. The
other possibility is that the bump structure consists of more than one resonance, whose
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FIG. 2: (Color online). Differential cross sections for η photoproduction plotted as a function of
the total energy, W . The angular range is indicated. The closed circles are the present results.
Statistical error is plotted as error bars, and the blue boxes show systematic uncertainties. The open
triangles and open squares are the experimental data from CLAS [5] and CB-ELSA [6], respectively.
The solid and dashed curves are the results of SAID [12] and ETA-MAID [13], respectively.
angular distributions are different.
The SAID calculations are consistent with the experimental data below 2.0 GeV, but
underestimate the data above 2 GeV. An additional process is needed for explaining the
bump structure above 2 GeV. In the SAID analysis, the possible resonance is G17(2190)
with (M,Γ) = (2152, 484) MeV around 2.1 GeV [14]. The results of ETA−MAID are
consistent with the data below 1.8 GeV. However, the bump structure does not appear
in the calculation [13]. Although the central position of the bump structure in the present
analysis moves from 2.06 to 2.17 GeV, the position and the bump width is roughly consistent
with those of the resonance D15 with (M, Γ) = (2068 MeV, 295 MeV) as suggested by the
CB-ELSA collaboration work [6]. Detailed studies including the precise angular distribution
at backward angles will help to improve theoretical calculations in revealing the hidden
resonance states contributing to the bump structure.
Figure 3 shows the differential cross sections for η, η′, ω and pi0 photoproductions. Differ-
ential cross sections for η′, ω and pi0 photoproductions have been simultaneously obtained
7
00.02
0.04
0.06
0.08
0.1
 
dσ
/d
Ω
 
(µ
b)
γp → pη γp → pη′
0
0.1
0.2
0.3
.4
2 2.1 2.2 2.3
γp → pω
2 2.1 2.2 2.3
W (GeV)
γp → ppi0
FIG. 3: Differential cross sections for η, η′, ω and pi0 photoproductions plotted as a function of the
total energy (W ) at −0.8 <cosΘc.m. < –0.7.
in the present analysis. The results on pi0 photoproduction have been reported in Ref. [10].
A small bump structure is observed around 2.25 GeV in η′ photoproduction. There is no
prominent structure for the ω photoproduction cross-section. The cross section for pi0 pho-
toproduction drastically decreases with energies up to 2.15 GeV and shows a mostly flat
distribution above 2.15 GeV. The energy dependence of cross sections for pi0, η′ and ω pho-
toproductions are different from that for η photoproduction. The wide bump structure is
a specific character of η photoproduction. Therefore, the bump structure is expected to be
due to resonances with a large ss¯ component and with a strong coupling to the ηN channel.
In summary, η photoproduction off protons has been measured at Eγ = 1.6 – 2.4 GeV
at the SPring-8/LEPS facility. The differential cross sections have been obtained with high
statistics at backward scattering angles of η mesons in the γp → pη reaction by detecting
protons scattered at forward angles. This work provides unambiguous evidence for a bump
structure above W = 2.0 GeV. No such structure is seen in η′, ω, and pi0 photoproductions.
It is inferred that this unique structure in η photoproduction is due to a baryon resonance
with a large ss¯ component which strongly coupled to the ηN channel.
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